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Fig. 1. Change in absorption coeflicient as a function of Co® 


exposure at 21°C, 
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Fig. 2. Relative transmittance as a function af Co* exposure, 


The surfaces through which optical measurements were made 
were lapped successively with G00-.and 1200-mesh abrasive and 
then polished with Linde A abrasive wuatil approximately S00% 
transmittance relative to air at 6750 A was obtained. ‘Yhe fin- 
ished specimens averaged 1.3 em in thickness. 

All spectral measurements were made with a Beckman DK-2 
Ratio Recording spectrophotumeter, The exposures were 
earried out in a Co irradiator (U.S. Nuclear Model SDF-11- C) 
nominally rated at 900 ci. The done rate was determined by 
air-equivalent ion chamber measurements to be 1.28 X 10° R/hi. 
A variable temperature heating cavity was fabrieated to facilitate 
exposures at elevated temperatures. In these latter studies 
sufficient time was allowed for the specimens to teach the desired 
temperature before exposure. ‘I'o reduce errors due to fading, 
transmittance measurements were. made immediately atter 
completion of exposures, 

From exposures made at 21°C, it was found that the radiation- 
induced transmittance losses resulted from two broad absorption 
bands centered around 32004 and 70004, No radiation- 
induced absorption bunds were found in the region from 15,000 4 
The ctuenge i in the optic : 
absorption coefficients at 6750 .A and 5200 4 are shown in Fi ig. 
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for sumplea exposed ab 26°C. 


Itis keen that at both wavele the 
the absorption coefficient shows an almost linear inerense Will, 
dose up to 1O"R after whieh oa decided nonlinearity appe 
Similar results have been reported from studies made on 
ral issea 12 
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Khe effect: of maintaining sunmples at clevated temper: trey 
during exposure is illus(rated in Mig. 2 where relative trasinit. 
tance (ritia of post-irradiation Grasmiftanee to pre-ireadti: i Mon 
transmittance) at 6750 A is platted against exposure iit fata terg, 
peratures. Itis seen (hat appreciable redue(ion in (ransmitt thee 
losses is offered by cimintaining samples at a feroperature a “Toy 
as 66°C, In a 205°C environment, the Grausmittance PeHrinea] 
within 36 of ity pre-irradiation value alter exposure to LOU, 
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Coherent Detection of Light Scattered from 
a Diffusely Reflecting Surface 


G. Gould, S. F. Jacobs, J. T. LaTourrette, 
M. Newstein, and P. Rabinowitz 


TRG, Ine., Melville, New York. 
Received 6 March Loud, 


Tn a previous demonstration of optical feclewiataine detection,! 
specular reflectors were used to generate the signal and local 
oscillator beams from a single laser.2 {n this letter, we report the 
coherent optienl detection of a signal beam scattered from a 
diffusely reflecting: surface. When different areas of the dilfnse 
reflector were Dluiminated, variations in signal were observed 
which can be related fo the “granularity” phenomenon divertly 
observable with a visible Insert The average value of the signal 
obtained was in agrecnient with that to be expected from 4 
Lambertian diffuse reflector, The observed signal fluctuntions 
were consistent with the Rayleigh distribution pecdicted by a 
stochastic theory of diffuse reflectors. 

When using the optical beterodyne or hamedyne technique. it 
is esecntial that spatial and temporal coherence be maintained 
between local oscillator and signal bens. In general, light 
reflected fron. a diffis¢ surface is not-spatially coherent, but eat 
he viewed as having originated from an extended distribution af 
rindom sources, each radiating at the excitation frequency. 
From the theorem of yan Cittert and Zernicke.! it ean be shown 
that the field radiated front an extended source will be spatially 
coherent over any receiver aperture which cnumot resolve the 
dimensions of the source. This condition can alwieys be approxi: 
mately fulfilled, (assuming receiver and transmitter have the 

same aperture), by focusing the transmitted beam te a Frau 
hofer diffraction spot on the diffuse surface. 

Figure | shows the experimental arrangement used far THeasur 
ing heterodyne signal and noise. Optical feedback into the luser 
was prevented by the use of a quarter-wave plate (A/E) and a 
polarizer (P). The laser (4828 A He-Ne} was operated’ in the 
folded-concentric configuration. ‘The oscillation was maintained 
in a single spatial and teniporal mode, monitored visually br 
means of a plane Fabry-Perot interferometer, F-P, The laser 
output (6 movin diam, 1) was collimated by lens L, and focused 
by lens L: (200-cm focal length, F) te a Fraunhofer spet on 
diffuse, reflector, r.. The reflector consisted of ordinary white 
bond paper glued to the face of a glass flat which, in tum, we 
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glued to 8 piezoelectric ceramic disk, X. Part of the flat was 
galdecoated for purposes of comparison with the case of specular 
reflection. Phase modulation. of the return bean: was accom 
plished by applying a sinusoidal voltage to the piezoelectric disk. 
‘The depth of modulation was 0.5 rad aut a frequency of OVO cps. 
The phase modulation was demodulated by maintaining a 90° 
phase difference between the signal and local oscillator beams.? 
This condition was achieved by adjusting the length of the local 
osellator arm to maximize the hamoadyne signal, Phe PO0Q cps 
simal in the photomultiptier, b, (ROA 7826, quantuin eflicioney : 
7 = 0.05) output current was measured with an rins-reading audio 
spectrum nary er. 5 
Rigden and Gordon? have described the nonuniform spatial 
radiation patterns which orcur when coherent light is reflected 
froma difftise surface. Tn order ta determine the effect of these 
spatial fluctuations on Che signal beam power at the detector, the 
dittuse reflector was moved transversely across the beam hy 
wems of 2 micrometer serew, M, . 
The experiment consisted af the following: the homodyne 
sumal current was measured with a specular reflector located at 
the fecused spot, alter careful alignment of local oscillator and 
signal beams. ‘The specular reflector wis then replaced by the 
ditfuse reflector, oriented approsimately normal to the beam, and 
series of signal aud noise measurements were then made, cor- 
aesponding to different: positions of the diffuse reflector, 0.04 mane 
apart: In cach measurement the local aseiflator arnt was ad- 
justed with an interferometer control to miintiuin the phase angle 


4 —— letween tlic simnal and local oscillator beams in quadrature. 


During each measurement, while the iHumincted ares was held 

fixed, the observed noise was constant. and equal to the shot noise 
onthe photocurrent generated by the local oscillator, a8 expected 
tor optical heterodyne detection. However, the observed 
leterodyue signal varied with position of the ihuminated wrest ou 
the difluse reflector as shown in Fig. 2. 

If the (depolarizing) diffuse reflector is a Lambert reflector, one 
would expect the ratio of specular to diffuse signal, close to normal 
intidence, to he (2a p./Lea)!!? where as and p, ure the specaku 
and dilluse reflectivities and @ is the solid angle subtended by the 
receiver aperture at the diffuse surfiuce. : 


HET, SIGNAL {mV} 


DISPLACEMENT (mm ) 


Vig a ; ‘ 
& 2. Ueteradyne sigaal ys transverse dispkicemernt of diffuse 
reflector, 


« 
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The variations shown in Fig. 2 may be described theoretically 


by constructing 9 statistical model of the diffuse reflector which 
desecibes a Larubert radiator. 
assumned that the reflected field was generated by a random current 
distribution, i, over the volume of the reflector. Jt was assumed 
that the phase components of each vector component of curl i 
were independent Gaussian stochastic processes with an average 
yaluc of zeruund with the same two-point correlation functions. 
It then follows that the experimentally mensured heterodyne 
signal, S, ig a random varinble which has a Rayleigh distribution. 
For this distribution the various monients of 8 satisfy the relations 


The model which, was used 


(si 


oe 


rake 
r{L + (2/2) 


This ratio dues not depend on the parumeters of the distribution, 
and hence is insensilive to the details of the statistical model. 


Ag shown in Table [, the average heterodyne signal from the 
diffuse reflector is within a fuetor of two of the result extrapolated 
from the ease of specular reflection, The agreement between the 
experimental and theoretical values of the moments of the distri- 
bution of heterodyne signals strongly supports the validity of the 
model of diffuse reflectivity in the present case. 


Table 1. Diffuse Reflector Results 
(s) (s4s)? 484/08")? 
Iexp. 1.4 mv 1.24 1.96 
Theoret. 2.5 mv" 1.27 2.00 


# Based on meusured (S)spccutsr = 2500 mv, pe = 0.95, pa = 0.7. 


Correlation was observed in the measured heterodyne signal 
for displacements less than the diameter of the focused spot, d, 
(d = F/D = 0.2 mm). If the diffuse surface were in motion 
“with respect to the optical beam, fluctuations similar to those 
described above would eccur and produce random modulation of 
the signal beam. The detected signal would then have a noise 
bandwidth, which is approximately V/d, where V is the velocity 
at which the iunminated spot traverses the surface. 

In summary, the present work has shown the appleability of 
the optical heterodyne technique to diffuse, as well as specular, 
surfaces but indicates that an effective loss of temporal coherence 
is to be expected fur moving reflectors, 
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